More than one-third of US adults have limited health literacy, putting them at risk of adverse clinical outcomes. We evaluated the prevalence of limited health literacy among 1578 adult kidney transplant (KT) candidates (May 2014 -November 2017 and examined its association with listing for transplant and waitlist mortality in this pilot study. Limited health literacy was assessed at KT evaluation by using a standard cutoff score ≤5 on the Brief Health Literacy Screen (score range 0-12, lower scores indicate worse health literacy). We used logistic regression and adjusted Cox proportional hazards models to identify risk factors for limited health literacy and to quantify its association with listing and waitlist mortality. We found that 8.9% of candidates had limited health literacy; risk factors included less than college education (adjusted 
K E Y W O R D S
clinical research/practice, kidney transplantation/nephrology, patient characteristics, patient survival hospital admissions, lower rates of mammography screening and flu vaccination, and higher annual healthcare costs. 2, 5, 6 Moreover, limited health literacy is negatively correlated with chronic disease self-management, an important factor in the chronic care model that helps improve health outcomes and reduce costs. 7, 8 For patients with end-stage renal disease (ESRD), management of chronic conditions, dialysis, medications, and dietary restrictions are complex and may be further complicated by inadequate health literacy. One study of incident dialysis patients (n = 480) and 1 small clinical trial (n = 260) of incident dialysis patients suggest that 16%-32% of these patients have limited health literacy. 9, 10 Among patients with ESRD, limited health literacy is related to elevated blood pressure at hospital presentation, missed dialysis treatments, and more frequent emergency department use. To better understand health literacy among KT candidates, we conducted a prospective pilot cohort study of patients presenting to our center for transplant evaluation. The goals of this study were to characterize health literacy in this population, examine whether limited health literacy is associated with listing for transplant, and quantify the association between limited health literacy and waitlist mortality.
| MATERIAL S AND ME THODS

| Study design
This was a prospective, longitudinal pilot cohort study of 1578 
| Frailty and cognitive function
We studied the physical frailty phenotype as defined by Fried in older adults 17 and by our group in ESRD and KT populations, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] which is composed of 5 components: slowed gait speed (walk- 
| Listing for transplant and subsequent waitlist mortality
Participants were enrolled in the study at the time of KT evaluation at JHU and followed until listing (status 7 or status 1 listing) or administrative censoring. All candidates who eventually received living donor KT were listed before transplant.
Additionally, when waitlist mortality was the outcome, the study was limited to KT candidates who were listed for KT at JHU (n = 965).
In this analysis, participants were followed from the date of listing (index date) to December 1, 2017, when they were administratively censored. We censored the participants who received KT as is standard in the Scientific Registry of Transplant Recipients models for waitlist mortality. 32 Mortality ascertainment was augmented with linkage to the Social Security Death Master File.
| Risk factors for limited health literacy at the time of evaluation
We identified risk factors for limited health literacy by using logistic regression. Models were selected for parsimony with use of a stepwise Akaike information criterion approach, and we forced age and race into the models.
| Limited health literacy, listing for transplant, and waitlist mortality
By using a Cox proportional hazards model, we estimated the hazard Charlson comorbidity index, annual household income, and education) as well as sex and race. Models for waitlist mortality were adjusted for the factors that were included in an established, published registry-based prediction model for this outcome (age, race, sex, blood type, and cause of ESRD). 32 Proportional hazards were confirmed visually by graphing the log-log plot of survival and statistically by using Schoenfeld residuals. Using a similar approach, we estimated the likelihood of listing for KT as well as waitlist mortality corresponding to each 1-point change in health literacy score as a sensitivity analysis.
| Statistical analysis
For all analyses, a P value < .05 was considered significant. All analyses were performed using Stata 14.0 (College Station, TX). 
| RE SULTS
| Study population of KT candidates
| Limited health literacy
The mean BHLS score was 9.7 (SD = 2.7); 8.9% of KT candidates had limited health literacy. KT candidates who were frail (16.2% vs 7.3%, P < .001), had cognitive impairment (26.9% vs 7.0%, P < .001), and attained less than a college education (12.9% vs 4.8%, P < .001) were 
| Limited health literacy and listing
Of the 1578 patients evaluated for KT, 965 were listed at our center.
For the 613 participants who were not listed, 10.3% were not listed due to high comorbidity, 7.0% for obesity, 1.0% for medical issues, 
| Limited health literacy and waitlist mortality
Among 1578 patients evaluated for KT, 965 (61.1%) patients were listed for KT. There were 54 deaths among those on the waitlist during a mean follow-up of 1.3 years from listing. The risk of waitlist mortality was greater among those with limited health literacy (Figure 2 ; log-rank P = .005); the 1-and 2-year mortality among those with limited health literacy was 8.2% and 22.2%, respectively, compared with 2.6% and 8.3% among those with adequate health literacy.
Among the KT waitlist patients, limited health literacy and each 1-point decline on the BHLS score univariately increased the risk of waitlist mortality (Table 3) . After adjustment, limited health literacy was independently associated with a 2.42-fold higher risk of waitlist mortality (95% CI: 1.16-to 5.05-fold; P = .018), and each 1-point decline on the BHLS score increased the risk of mortality by 12%
(aHR = 1.12, 95% CI: 1.02-1.22; P = .015). Further, the adjusted association between waitlist mortality and limited health literacy did not differ by age (P for interaction = .42), sex (P for interaction = .07), or race (P for interaction = .08).
| Sensitivity analyses
Our results were robust to exclusion of participants referred for the TA B L E 1 Demographics for kidney transplant candidates, stratified by health literacy (N = 1578) frailty status, possibly because our study population had a larger proportion (54.3%) of African American participants or because health literacy may play a larger role in nephrologists' perceptions of suitability for KT among African American patients. 37 KT candidates with limited health literacy also had a higher average BMI, which is consistent with the relationship of lower health literacy with difficulty interpreting nutrition labels and understanding disease risks associated with excess weight. 38, 39 Further, KT candidates with limited health literacy were more likely to receive hemodialysis, possibly due to perceived or actual barriers that patients face in meeting the education and self-management demands of peritoneal dialysis. 40, 41 We extended previous findings on risk factors for limited health literacy and have identified frailty as an important risk factor for limited health literacy. This novel finding suggests that frail candidates not only are physically vulnerable but also experience the additional stressor of limited health literacy, which likely puts them on an accelerated path to adverse health outcomes. Finally, while educational attainment was an independent risk factor for limited health literacy, limited health literacy was present among KT candidates with less than a college education (12.9%) as well as KT candidates with a college education (4.8%).
| D ISCUSS I ON
Our finding of lower likelihood of listing among KT candidates with limited health literacy is in agreement with a previous finding from a small single-center study of health-related reading ability among 398 liver, kidney, heart, and lung transplant candidates. 42 However, a study of 62 dialysis patients found that health literacy
(assessed with the s-TOHFLA) was not associated with listing, although the aHR was 0.80 (95% CI: 0.39-1.61). 36 These null findings were likely driven by the small sample size and suggest a similar magnitude of association as was observed in our study. We were able to extend these findings to a diverse population of 1578 KT candidates. The KT evaluation process is lengthy and involves multiple steps before listing, which may pose additional barriers for patients who lack adequate health literacy.
Previous studies have reported a 1.74-and 2.03-fold increased risk of mortality among older adults with limited health literacy in the general population 43, 44 and a 1.54-fold increased risk of mortality among hemodialysis patients. 10 Our finding of a 2.42-fold increased risk of mortality among KT waitlist patients with limited health literacy suggests a significant impact of limited health literacy on mortality even among a KT candidate population that is generally healthier, more educated, and functional than patients remaining on dialysis. 45 One potential explanation for the differences in the strength of the associations between limited health literacy and mortality between KT candidates and patients undergoing dialysis may be explained Health literacy was assessed using the Brief Health Literacy Screen, a series of 3 questions scored on a 0-12 scale, with lower scores representing worse health literacy. Limited health literacy was defined as a score of ≤5. The models for listing were adjusted for age, sex, race, cognitive impairment, education, Charlson comorbidity index, annual household income, and frailty status. The models for waitlist mortality were adjusted for the Scientific Registry of Transplant Recipients-based prediction model (age, sex, race, cause of end-stage renal disease, and blood type).
TA B L E 3 Listing and waitlist mortality, by limited health literacy among kidney transplant candidates (N = 1578)
by differences in instruments used to identify limited health literacy. We used the BHLS rather than the REALM, which was used in the study of limited health literacy among patients undergoing hemodialysis. 10 Compared with the REALM, the BHLS is most apt at identifying limited health literacy among patients with lower than a fifth-grade reading level, 15 which could mean that our study better characterizes limited health literacy. However, the REALM and s-TOHFLA may provide more resolution in terms of health literacy.
This study has several important strengths, including prospective measurement of health literacy, frailty, education, annual household income, and global cognitive impairment in a large cohort study.
To assess health literacy, the 3-item BHLS was administered verbally by research assistants. While the s-TOHFLA and the REALM are objective measures of literacy, they require timed administration by formally trained personnel, which may not be resource efficient in clinical settings. We chose the BHLS because this instrument was found to be valid for identifying limited health literacy in ESRD patients 15 and feasible for use in both clinical and research settings. 46 The main limitation of this work was that this was a single-center pilot study; however, we did not observe any effect modification by age, sex, or race, suggesting our findings would be relevant to other populations with different demographics. Further, our results were robust to the exclusion of participants referred for the desensitization program. Second, this study enrolled only English-speaking patients; therefore, these findings are likely not generalizable to non-English-speaking patients seeking transplant, a subset of KT candidates who are less likely to successfully complete the transplant evaluation process and become listed. 47 In conclusion, we found that limited health literacy was independently associated with a decreased likelihood of listing for transplant and increased mortality once listed. We noted that the highest rates of limited health literacy occurred among those who were frail or who had cognitive impairment or less than a college education. Health literacy may be an additional factor that warrants consideration for reducing known disparities in access to transplant and waitlist outcomes. 48, 49 These findings provide further evidence for screening for health literacy during KT evaluation; health literacy should be considered along with all other important factors when deciding whether to list a candidate. Primary care physicians, nephrologists, and dialysis providers may be able to mitigate these outcomes through ensuring adequate provision of information about KT and the listing process, 45 coordinating the steps to obtain medical clearance for KT, 50 and catering clinical recommendations to patients with adequate and limited health literacy. 51 Within transplant centers, strategies such as providing the support of a transplant patient navigator 52 and increasing awareness of their waitlist status 53 may help reduce barriers for candidates with limited health literacy.
While improving health literacy may be difficult among KT candidates, it may be important to identify effective pre-and post-KT programs specific to candidates with limited health literacy.
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